approach for capturing and storing atmospheric carbon (CO 2 ) in soils of agroecosystems.
Abstract: A greenhouse study was conducted to evaluate the influence of increasing soil fungal-19 to-bacterial ratios (F:B) on the allocation of plant-photosynthate carbon into the carbon (C) and 20 nitrogen (N) partitions (g) of plant components (root, shoot and fruit), New-Soil C and N, and 21
Soil-Respiration C (CO2). Six (6) experimental treatment soils were formulated to provide 22 linearly increasing: initial-soil C% (0.14% -5.3%); initial-soil N% (0. 
Introduction 58
Soil organic matter (SOM), and the carbon and nutrients it contains, are key 59 2012). Detailed understanding of the SMC relationship to ecosystem function has often proven 78 to be complicated, as have the development of methods to accurately assess them. Much of 79 this difficulty is due to our inability to make direct observations, the technical challenges in 80 measuring in situ activities, and the high diversity and/or spatial heterogeneity of these SMC, 81
(Barns et al., 1999; Torsvik et al., 2002; Strickland and Rousk, 2010; Malik et al., 2016) . 82
Research Focus 83
To address these issues, a greenhouse experiment was designed to reduce the influence 84 of SMC population heterogeneity to promote a better understanding of the relationship and 85
influence of SMC population and structure on plant growth and carbon partitioning. The focus 86 of the present research was to investigate how increases in soil F:B, while maintaining 87 significant homogeneity of the SMC population, influence the formation and stabilization of C 88 and N in the partitions of: the roots, shoots, and fruit of a plant, newly placed soil C, C 89 partitioned into N fixation, and C respired from the soil. The hypothesis tested in this research 90 is: the F:B of a SMC, influences plant biomass productivity and promotes selective partitioning 91 of C into plant, soil and atmospheric sinks and N fixation. 92 93
2.0-Materials and Methods 94

2.1-Soil Carbon, Nitrogen and Microbial Community Analyses 95
Initial soil profiles of TC%, TN% and gravimetric analysis for the soils used in the 96 greenhouse trials of this research, were performed using LECO analysis by the Soil, Water and 97
Forage Analytical Laboratory at Oklahoma State University. Samples of these same two soils 98 was sent to Earthfort Labs, Soil Foodweb Oregon LLC, 635 SW Western Blvd, Corvallis, OR 99 97333, for SMC biomass analyses to quantify fungal and bacterial biomass through sample 100 preparation, staining procedures, and biomass quantification using direct observation 101 (microscopy) and other methodologies (Ingham, 1995; Ekelund, 1998; Stamatiadis et al., 1990) . 102
Laboratory results for the analyses of the SMC components of the two soil (compost and 103 alluvium soils) used in this study are in the supplementary material (S1- Figure 1, S1-Figure 2) . 104
2.2-Greenhouse Experiments 105
Greenhouse experiments were designed to quantify the growth characteristics of chile 106 plants (Capsicum annuum, variety Big Jim "Heritage") in six soil treatments mixed for linearly 107 increasing: Initial-Soil C (g) and N (g) content; SMC biomass (µg g -1 dry soil), and F:B (Table 1) . 108 Treatment soils were formulated from the mixing of two soil components. The first was a 109 compost product with a fungal-dominant SMC structure (F:B=4.62), C%=7.91%; N% = 0.60%; 110 obtained from a Johnson-Su composting bioreactor (Johnson & Su-Johnson, 2010) (S1- Figure 1) . 111
The design of the Johnson-Su bioreactor promotes development of a compost product with a 112 high F:B ratio, permitting the formulation of a wide range of initial treatment soil F:B 113 implemented in this research. The second soil was a bacterial-dominant soil (F:B 0.04); C%= 114 0.14%; N%= 0.01%; an arroyo alluvium (Bluepoint-Caliza-Yturbide complex, predominantly 115 sand, loam, and clay (at compositions of 76%, 20%, and 4%, respectively) obtained from a local 116 desert arroyo (S1- Figure 2) . Soils in the six greenhouse experimental treatments (0, 1, 2, 3, 4, 5) 117 were formulated, based on both dry and wet-mass-ratio mixtures of these two soil 118 components, to demonstrate linearly increasing percentages of initial soil C% (0.14% and 5.3%), 119 N% (0.01% and 0.4%), and associated SMC metrics, including a shift in F:B from a bacterial-120 dominant soil to a fungal-dominant soil (0.04 and 3.68) ( Table 1) . The investigated ranges of 121 F:B in this experiment encompass current soil conditions in conventional agriculture, low C 122 (0.14%C) and bacterial-dominant (F:B=0.04); to a fertile soil condition envisioned for healthy 123 agroecosystems, demonstrating increased soil C content (5.30% C) and a shift in the structure 124 of the SMC towards fungal-dominance (F:B=3.68). 125
Chile seeds (Capsicum annuum, Big Jim "Heritage" variety) were planted in each of the 126 six treatments (0, 1, 2, 3, 4 and 5) (n = 5 in each treatment), and a single blank for each of the 127 six treatments with no plant. Planted containers were allowed to grow from seedling to harvest 128 in an 86-day growth period. Four seeds were planted in each 1.325 liter plastic plant container 129 and thinned to 2 healthy plants per container approximately 10 days after germination. Plant 130 containers were watered daily with approximately 50-75 mL of distilled water taking care to not 131 have any excess flow of water, and/or sediment through treatment pots. Photosynthetically 132 active radiation was supplied by two, 2' x 4' SlimStar, 6-bulb, high-output T-5 grow lamps with 133 30,000 lumens/fixture (6,400 K spectrum Grow bulbs), operating for 12 hours per day for the 134 86-day growing period. 135
After the growing period, root biomass was removed from the soils in all treatment 136 plant containers, and then the mass and water content of each treatment soil was determined. 137
Subsamples of the soils from each of the treatment plant containers (0-5) were individually 138 pooled and thoroughly mixed, and then shipped to the Oklahoma State University Soils and 139
Water Testing Laboratory to be analyzed in triplicate for total C% and total N% as well as soil 140 moisture content (%). Plant tissues (roots, shoot, and fruit) were harvested separately, oven-141 dried for 3 days at 45 ºC in pre-weighed oven-dried paper bags, and then re-weighed to the 142 closest 0.0001 g on a Mettler AE200 balance. and Soil-Respiration C mass are in S1-Table 1a-c, S1-Table 2a-c, and S1-Table 3a-c. 148
2.3-Loss on Ignition Analysis 149
To verify accuracy for the mixing protocols of the two soil components, relative to the 150 initial experimental treatment design matrix, an initial soil C% analysis was conducted on each 151 of the treatment soils (0-5)using loss-on-ignition (LOI) soil analyses to determine treatment soil 152 organic carbon percentages (SOC%). Triplicate soil samples (~6-10 g) representing each 153 treatment were pre-weighed, dried overnight at 105 ºC in a muffle furnace, weighed again for 154 dry mass, and then subjected to a follow-up LOI analysis for 2 hours at 375 ºC to avoid potential 155 decomposition of inorganic carbonates present in area soils (Schumaker, 2002) . A final 156 weighing and calculation of soil mass LOI (g) was performed and these values were regressed 157 against the Initial-Soil C% content calculated in the original soil fabrication design matrix ( 2011), and when the surface area of the alkali reaction vessel is less than 6% of the soil surface 169 area sampled (Raich & Nedelhoffer, 1989) . Parameters for the proper use of static alkali 170 reactors in this research followed all of these accepted methodological guidelines to ensure 171 accurate soil respiration measurements. While not an absolute quantitative assessment, the 172 static alkali reactor systems were able to render a reliable, internally comparable analysis of soil 173 CO2 emissions, as well as soil respiration values (g C m -2 day -1 ) within the historically observed 174 ranges when compared to different ecosystems and types of vegetation (Raich & Schlesinger, 175 1992) . 176
A preliminary soil C respiration experiment was conducted to verify the sensitivity of 177 static alkali reactors in 1, 2 and 3 day test durations and across the range of soil C% and 178 anticipated experiment CO2 production levels. A single-factor ANOVA analysis defining thesensitivity parameters, yielded low variances (<0.05) and accurate repeatability for tests of 1, 2 180 and 3 days in duration, throughout the range of experimental treatment Initial-Soil C substrate 181 masses (S1- Figure 3) . A further analysis of C partitioning as "% of Total-System-New C partitioned in New-Soil 246 C", derived from dividing New-Soil C (g) by Total-System-New C (g) (S1- Figure 6 ), was conducted 247 to assess the percent of Total-System-New C partitioned into New-Soil C mass (exudate, soil 248 organic and microbial organic matter C mass). The Root C partition mass, which represented 249 less than 14% of Total-System-New C, was not included in this analysis to isolate and identify 250 only the net New-Soil C resources directed into the soil structure to support SMC growth and 251
maintenance. 252
The "% of Total-System-New C partitioned in New-Soil C" in Treatment 0 (F:B = 0.04) was 253 93% of Total-System-New C, leaving only 7% of Total-System-New C partitioned into Shoot C 254 and Fruit C (S1- Figure 6 ). As treatment Initial-Soil C along with its associated F:B increased, the 255 "% of Total-System-New C partitioned in New-Soil C" exhibited a negative linear trend line (m = -256 0.12; r 2 = 0.94) to an end point of the six treatments where ~47% of Total-System-New C was 257 partitioned into New-Soil C, and the balance, disregarding Root C, was diverted towards 258 increasing C partitioning into Shoot C and Fruit C and a decreasing amount into Soil-Respiration 259 C (S1- Figure 6) . Figure 3) . 300
3.1.5-Total Carbon Use Efficiency 301
Treatment total carbon use efficiency (TCUE) is defined as net primary production (NPP), 302
(total New-System C in Root C, Shoot C, Fruit C, New-Soil C partitions) divided by gross primary 303 production (GPP) (New-System C plus Respiration C) using the formula: TCUE (%) = 304 (NPP/GPP)*100 . This measure of the efficiency of C assimilation in this research does not 305 include the maintenance costs of plant metabolic, anabolic or catabolic processes. The TCUE for 306 Treatment 0, with no compost addition in treatment soil, exhibited a TCUE = 12%. All successive 307 treatments (those with successive additions of compost) exhibited an average TCUE of 79%, 308 varying over a range of TCUE values ranging from 75% to 84% (Figure 4) . 309
Carbon Costs of N Fixation 310
The C costs of N fixation vary with host species, bacterial strain and plant, and estimates 311 vary from between 12 g C/g N fixed to 6 g C/g N fixed (Streeter 1995; Vance & Heichel, 1991) . 312
The carbon costs for N fixation in each of the experimental soil treatments was derived using a 313 conservative estimate of 6 g C/g N fixed, multiplying the mass of each N partition (Root N, 314 Shoot N, Fruit N, and New-Soil N (g) fixed by a factor of "6" to get the cumulative total amount 315 of C partitioned into new N fixation. This new partition was then added to the other 5 carbon 316 partitions to yield "Total-Photosynthate C". Each C partition was then divided by this "Total research results translate successfully into field applications, then application of agricultural 476 management approaches that enhance SMC population, structure and biological functionality 477 may promote: a) increased storage of photosynthate C and its partitioning into biomass (soil-, 478 plant-, and microbial organic matter; exudate production, etc.); b) increased storage of C in 479 soils, resulting from increased assimilation of SMC-C into microbial originated soil organic 480 matter; c) improved system TCUE, and reduce soil carbon respiration rates; and, d) increasedassimilation of N using standard commodity crops through their association with free-living 482 and/or endophytic N-fixing soil bacteria. 483
Enhancing SMC structure and biological functionality in soils of agroecosystems may be 484 a logical and cost-effective path for improving crop production, reducing fertilizer inputs, and 485 promoting a sustainable agricultural system while offering the potential to provide practical and 486 Table 1 : Initial treatment soil mass, soil C, soil N, and soil microbial community metrics. 600 
Figure 4
Total Carbon Use Efficiency (%)
Figure 5: Treatments 0-5 (F:B=0.14 to 3.68) percent of photosynthate C flow into plant (root, shoot, fruit ), new-soil, respira on and C consump on for Total-New N fixa on.
